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DISCUSSION ON " TRANSMISSION LINE CROSSINGS OF RAILROAD
RIGHTS-OF-WAY " SAN FRANCISCO, CAL., MAY 6, 1910.

John Harisberger: I would ask Mr. Babcock if he has any
suggestions for a satisfactory crossing for the right of way by
transmission lines?

A. H. Babcock: The only suggestions are those embodied in
these specifications. The first and second paragraphs cover
the point, that up to the present no basket or guard, or similar
construction has been found satisfactory. The power com-
panies themselves have attempted to develop that sort of thing
and have found that after it was put in service there were so
many disadvantages, that the device had ultimately to be aban-
doned. It is thought now that the only satisfactory way of
handling the subject is to make the crossing so strong me-
chanically and electrically that it cannot come down at that
point.
John Harisberger: The requirements of the Northern Pacific

have been to place poles on either side of the track so high that
even if a wire broke it would not reach at most the top of a box
car. It seems to me that that would be the requirement if the
right of way were not of such width that it would be impractical.

A. M. Hunt: In paragraph 27, " Conductors," Mr. Babcock
has stated that "material: copper, aluminum, or other non-
corrosive metal," should be used. It would appear to me
that the element of strength in the conductor over the track is
the main essential, and that perhaps could be better attained
by the use of heavy galvanized steel conductors, such as cross
the Straits of Carquinez, used by the Bay Counties Power Com-
pany. They are steel cables and are always kept painted and
in first class condition. The possibility of rupture is very
much less than if they were of copper or aluminum, or material
of equal conductivity. That one point of exception can well
be taken to the specifications.

C. F. Adams: In clause No. 19; " Material: cast steel, malle-
able iron, or other crude metal, galvanized." Under that
specification a cast iron pin could be used. In paragraph 23
it states: " Insulators shall be designed for voltages 25 per cent
in excess of the rated working voltage of the other insulators
on the line." I believe that if a step of that kind were taken,
it would result simply in the taking of a succession of steps.
In other words, the general public would call for as good an
insulation as the railroad company did, and then the railroad
company could call for 25 per cent in excess of what the public
were then getting. It seems to me that what is proper for the
entire system should be sufficient for the railroad company.

There is one other point that I note here, which does not seem
to have been embodied in the presentation of this paper. It
states: " In general, it is advisable wherever possible to place
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underground all low potential power circuits, and communication
circuits." I believe that clause is correct, and I think also that
it should be applied to communication circuits of telephone sig-
nal and telegraph lines by the railroad companies. I know of
nothing better than a few feet of earth and a little lead to pro-
tect from a high-tension circuit falling to the ground.

Lewis B. Stillwell: I agree fully with Mr. Babcock that
special and adequate protection should be provided in all cases
where high-potential transmission circuits cross railway lines.
I do not think, however, that the problem is one of any great
difficulty. It is to be noted that the accidents mentioned by
Mr. Babcock, with one exception, were not occasioned by reason
of the fact that the circuits were not properly protected. They
were purely mechanical accidents and due to gross carelessness.
In Italy, notably on the Valtellina, a wire net is suspended be-
neath the transmission circuits where highways are crossed.
These are somewhat awkward in appearance, but properly erected
and maintained, they appear to afford adequate protection.
Crossings of this character should be built upon the same prin-
ciples upon which bridges are constructed, that is to say, they
should be built so that the line will not fall down. As a bridge
problem, railroad crossing by a transmission circuit is very
simple. Ample factors of safety are practicable and a little
care will provide against failure. If a circuit breaks between
two poles or towers on opposite sides of a railway crossing,
provision should be made for grounding that circuit before it
can touch the locomotive or car passing beneath it. This can
be accomplished by placing a grounded conductor in a hor-
izontal position, where the falling conductor must touch it
before reaching the top of the car.
As regards the specifications suggested by Mr. Babcock rela-

tive to conductors, it would seem that while this is unobjection-
able in general from the standpoint of the power company and
should be satisfactory to the railway company, specification
No. 27 could be made more definite by requiring in general
terms a mechanical factor of safety rather than prescribing
arbitrarily the size of the wire with reference to the voltage. It
would be reasonable to require that the span crossing the
track be constructed with a very high factor of safety. In
conjunction with this, some plan of grounding the circuit and
cutting it out automatically in case the wire breaks, would be
unobjectionable.

I understand that in the judgment of the engineers of the
Pacific Gas & Electric Co., automatic circuit breakers are not
yet developed to a point where they can be relied upon for very
high potentials. This being the case, if the two towers sup-
porting the wires which span the railroad be connected elec-
trically by adequate earthing or by conductors and provision
made for effectively grounding the conductor in case it breaks,
I do not see how any material damage to a car is liable to occur.
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P. M. Downing: There are a few points in the paper which
I think might be improved upon slightly, but in general, I
think the specifications as proposed, come nearer meeting the
approval of the power companies than anything that has yet been
submitted. Our experience here on the Coast in the matter of
protective devices where power lines cross railroad rights of
way, is a rather long one. We started in with the idea of using
some sort of a basket device to catch the wires in case they
should break at these crossings. These basket devices consisted
of wires carrying a sort of lattice work in order to catch the
broken circuits, but we found that these baskets were more of a
menace than protection, for the reason that they were very hard
to maintain on a long span, and where the railroad right of way
was wide, the strains thrown on the supporting structure was
very great, and we had so much trouble with those that they
were finally abandoned.
The specifications, as I understand them after going over them

very hurriedly, provide for good mechanical construction. To
my mind, this comes nearer meeting all requirements than any-
thing else which could be submitted. However, as I say, there
are a few points which, to my mind, might be improved upon,
but I have not gone into the specifications fully enough as yet
to be entirely familiar with them.
Markham Cheever: To one who has been interested in this

subject for a considerable time, the prefatory remarks in the
paper appear as a most excellent statement of the present status
of the problem. The old basket type construction as pointed
out by the author is obviously inadequate and introduces an
element of hazard greater than the danger it prevents. Num-
erous other designs have been proposed, many of them involv-
ing a tension in the crossing span less than the tensions either side,
and this again introduces additional risk by reason of the many
dead-end connections. It is now being widely recognized that a
more reliable construction is produced by running each line
conductor straight through, avoiding any splices or dead-end
connections in the crossing or adjacent spans, and maintaining
uniform tensions. A design based upon this principle has been
largely used for the crossings of high tension lines over the tracks
of the New York Central Railroad. Two towers are placed
close to the railroad right of way, one on either side. The pre-
cautionary feature consists of auxiliary ties to each line conductor
from insulators supported on the track sides of the structures and
at lower elevations than the main insulators. Should the con-
ductor break on the supports adjacent to the track or at any
point behind, allowing the conductor to slacken, the auxiliary
ties hold the crossing span suspended, at the same time efficiently
grounding it.

Sidney Sprout: Some gentleman made the remark a few
moments ago that a few feet of earth between the transmission
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line and the telegraph line was probably the safest insulator that
could be had. I have noticed that the telephone company, the
Pacific States, at its crossing with street railways is making a
general practice of putting a cable underneath the streets. I
will offer just a few suggestions, as I have not read the specifica-
tions through since I came in. I did not expect to take any part
in the discussion, but I think if we would reverse the specifica-
tions somewhat, where there is a trolley crossing or a high tension
transmission crossing of the railroad, considerable difficulty
or danger can be eliminated by the railroad companies putting
every 200 feet their telegraph and signal lines underneath
the ground in a cable. I believe they do that at present at a
number of places along the lines where they enter the depots.
This seems to me to be a way to avoid the difficulty that came
up in one of the cases mentioned at Antioch, where the towers
were built carelessly, or otherwise, and dropped across the line,
and that would make, of course, considerable confusion. I think
that the transmission companies or the power companies would
be perfectly willing to pay for any expense of running under-
ground at such places as they cross. Of course, the other dangers
of lines coming down on the track, and the troub'e, the me-
chanical trouble, of engineers, and so forth, would not be avoided
by this; but it seems to me that the greater part of the danger
of which Mr. Babcock speaks, would be avoided by a very slight
expense of running the wires underground. I think that the
transmission people have racked their brains and spent con-
siderable money for suitable means of crossing railroad lines,
as well as telephone and telegraph lines, by which they might
be saved from annoyance or the liability of danger that they are
causing by running overhead. As some gentleman has said
here, the very means that they expected the most of, seemed to
fail; and I believe that if we look on the other side of it,
that the telephone people have done it probably unintentionally,
or possibly because electric people have delayed in putting in
proper protection-and of course they have protected them-
selves-but it seems to me that they have solved one of the great
troubles and annoyances by putting all of their lines underneath
the track where they cross street railways or steam railroad lines.
I know they still call on transmission people to protect their
lines, but I believe they would rather put their lines underground
than to run the risk and danger of the wires breaking and coming
down on to a trunk line service. A great many of our lines cross
the telephone and telegraph lines between the main stations,
Los Angeles, San Francisco, and Portland, and it means con-
siderable to them if it does break down. I appreciate the neces-
sity of something being done, and I think that Mr. Babcock's
paper is one that we should consider very seriously, and I think
that the InstituLte should take some steps regarding the matter,
instead of letting it drop without more serious thought than what
has been already brought out.
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J. P. Jollyman: Mr. President, I believe that it is possible for
the power companies and the railroad companies to reduce their
troubles to a minimum. It is undoubtedly possible to construct
a protection that would be absolute, but the question of cost
would be prohibitive, except in very special cases. The power
companies are interested in the matter nearly as much as the
railroad companies, and anything that will be to the ad-
vantage of the one, would be of advantage to the other. The
matter of underground crossings is something that would have
to be studied very carefully, for an underground crossing in
connection with a telephone, telegraph or signal service line may
add to the difficulty, of satisfactory operation. In some cases
the companies operating these lines might even prefer to go
overhead and take their chances. I think, on the whole, that
the specifications as read by Mr. Babcock, if faithfully carried
out would lead to as safe a crossing as can be reasonably ex-
pected under present conditions.
R. W. Van Norden: I have not read this paper as carefully

as I would like, but, from the discussion which has been
given so far, I cannot see but that the necessary points are cov-
ered as well as they can be, as Mr. Jollyman says, without too
much cost. On the section that Mr. Babcock spoke of, on the
Southern Pacific, we have built a good many crossings, and
while we have used small wire, I do not remember that we
have had an accident where it affected a telegraph system, but
possibly once, and that was not at a crossing, but was in the
case of a blast at Rocklin that threw the transmission line down,
and the blast affected the telegraph signal system. I do not
recollect that there has ever been any serious break at any
crossing. The only system we used was the basket system, which
I do not particularly believe in. There have been some experi-
ments made along the lines suggested, of grounding, so that in
breaking it grounds before striking earth. Those have not been
carried out very carefully, so I cannot tell you what the experi-
ments resulted in.

President Stillwell: I do not fully agree with Mr. Cheever in
regard to the basket suspension plan. Its effectiveness is purely
a matter of construction and maintenance. In Italy, apparently
they maintain it properly that is what we do not always do very
well in this country. We put up devices of this character and
then fail to maintain them. In my opinion, the basket construc-
tion, while not the. best, can be made effective in the case of com-
paratively short spans, if properly maintained.

R. W. Van Norden: There is another point that I think of.
Mr. Hunt spoke of putting up steel in place of copper or alum-
inum. I know of one case where we used steel in spans, and
one of them was across a railroad track. Some of the wire was
copper, very small No. 6, I think, the span 'was between
800 and 1000 feet long. We used also No. 6 steel telephone
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wire. The telephone wire broke in the winter a number of
times, apparently due to snow loads on the line, but the copper
wire would not break at the same time. The steel would pull
out; it would not make a quick break, it would pull out to about
one-half of its diameter, and then it would break, but the copper
would not break at all.

C. F. Adams: I would like to reply to the suggestion of the
President concerning the matter of grounding. That would be
operative on lines of limited length and low frequency. On lines
approximating the length that you will find here in California,
with a frequency of 60 cycles, if it is grounded 100 miles from
the station, it does not give you enough short circuit current at the
station to overload the generator and carry it beyond normal.
That has been tried out, and it has been thoroughly demon-
strated that a short circuit may occur on any one of the
three phases and yet the operating station may not have suffi-
cient indication of a short circuit to really warrant them in
pulling their current off the line.

President Stillwell: This sort of a paper is an admirabWe one
in my opinion; it is not overloaded with unnecessary explana-
tions; it is precise and explicit, and is a very essential start
toward standardizing a very important matter, and I think that
at the proper time, the standardizing committee of the In-
stitute operating, for example, in conjunction with the proper
committee representing the railways, might agree once and for
all upon specifications which would be adhered to. That would
save a great deal of trouble to all concerned, and I see no reason
why a question of that kind cannot be taken up in that manner.

A. H. Babcock: Mr. Harrisberger suggests that adequate
protection can be secured by using high poles set so close to the
right of way that a broken wire will not be able to strike the
tracks. Doubtless he has in mind narrow rights of way. The
Western Railroads often have 400 foot rights of way so that it
is difficult to see how poles can be erected high enough to pre-
vent a broken wire striking the signal and telegraph circuits.
As a rule the wires break near the support, either by vibration

or by burning.
Mr. Hunt mentions the possible use of iron wire or steel wire

under section 27 of specifications, and cites the case of the
Carquinez Straits span where the cable has been operating for
a great many years with great success. I think he overlooks
the point that the Carquinez cable is so heavy that a man
can be sent out on the cable to inspect it and to maintain it.
In certain sections of this country the salt fog will eat up an
iron wire in a very short time. Experiments. made along the
east side of San Francisco bay show that the ordinary galvanizing
of overhead trolley line parts is by no means an adequate pro-
tection, and that the metal rusts very quickly. For these
reasons it is doubtful that any small iron wire, say No. 4 or
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No. 6, can be used to make a thoroughly safe construction,
without a great deal of maintenance cost in the way of re-
placements. Usually a transmission line wire is put up and
forgotten as long as possible, so that the railroad company has
reason to be suspicious of iron wire crossings.

If I understand Mr. Adams correctly he feels that the iron
pipe pin would be barred out by section 19. Possibly it might
be well to make an amendment there and mention specifically
iron pipe.
The President has referred to the protection used on one of

the Italian lines with which I am not familiar. Some of the
French lines use a through span bridge over the tracks, through
which both the telephone and transmission wires are carried.
It is difficult to imagine a more complete protection than is
afforded by such construction, but it is very expensive. It is
neither equitable nor possible to attempt to shift the total
burden of the expense of such crossings entirely from one party
to the other. It is properly a matter of joint responsibility and
interest. The broad principle involved in this matter is met
by the railroad man every day in the crossings of his rights
of way with other railroad rights of way. The senior road at
the crossing does not stand much of the cost, while the junior
road bears the greater part of it. A road that is senior in one
place may be the junior road in some other locality because
lines are being extended all over the country. We have a number
of such cases-for instance, in connection with the power
transmission lines now operating in this part of the country.
In these cases undoubtedly the railroad company will be obliged
to stand the greater part of the expense.
The foregoing remarks will refer also to Mr. Sprout's and

Mr. Jollyman's discussions.
The suggestions made by the president that the railroad

companies and the Institute shall join in a general discussion
of this subject seems to me to be one that may have a very far-
reaching consequence. I, for one, would be very glad to see
such an arrangement brought'about.
Ralph D. Mershon (by letter) Mr. Babcock's paper deals

with a subject to which I have given considerable attention.
Some timre ago I wrote an article dealing with the subject.*
It embodied my ideas as finally crystallized after various dis-
cussions and investigations relating to the subject. The en-
deavor was made to lay down the conditions which should be
met in transmission line crossings in order to ensure safety.
I quote these conditions, from the article, as follows:

(a) It should be so constructed that the line conductors
(line wires or cables) and the supporting structures at each
side of the track would be of proper strength to withstand the

*" Transmission Line Crossings over Railroads ", Railroad Gazette,
February 7, 1908.
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ice and wind loads which might come upon them. It should
be self-sustaining; that is, should be capable of standing up
under the action of wind and ice without reference to the
remainder of the line, so that the line on one or both sides of the
crossing, might break without interfering with the crossing itself.

(b) There should be sufficient overhead clearance between the
line and the track, so that there would be no possibility of con-
tact except by deliberate intenit.

(c) The line conductors should be far enough apart so that
they could not swing together.

(d) The line conductors should be sufficiently massive so that
an arc might exist between them for several seconds, without
danger of burning or melting them off.

(e) If the supporting structures are of steel, or the insulator
pins are of metal and the pins connected to each other, or to
ground, the insulators should have cast metal caps cemented
upon them. These caps, or extensions of them, should extend
out on each side of the insulator for some distance along and
underneath the conductor, in order to further protect the con-
ductor, or else the conductors should have, in addition to the caps,
a protection from arcs in the form of a serving of wire upon them
for some distance on each side of the insulator. The result of
such protection will be that an arc formed near the insulator
will expend itself upon the serving wire, or metal casting, in-
stead of upon the conductor itself.
Mr. Babcock has gone into this matter in greater detail than

was attempted in the article above referred to. In general,
his specifications appear to me to conform with the ideas as laid
down therein, though they do not seem to me as clear as they
might be in regard to the matter covered by the latter part of
(a). Apparently his specifications are intended to cover the
construction of the supports and cables not only of the crossing
span but of the adjacent spans on each side of the crossing span,
and they contemplate the construction of these three spans of
equal strength. Yet in item 17 he specifies the strength of the
steel structures for the crossing span only, and says nothing
about the supports for the two adjacent spans. It seems to
me that, in general, it were better to so design the three spans
that those adjacent to the crossing span could go down without
injuring the crossing span. I will deal with this matter further
in my remarks under ¶ 27.

There are a number of additional minor points in Mr. Bab-
cock's specifications with which I do not quite agree. These
differences will appear from what follows, in which I shall
refer to such of the items of the paper as seem to me should be
modified, designating them by the figures used in the paper.

¶6. This item contemplates that the power wires shall
necessarily pass over the wires already on the right-of-way.
It seems to me that there might often be cases where it would
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be safer and better to have the power wires pass under the exist-
ing wires, the latter crossing the power wires with a span so
short on structures so high that, even though the existing wires
should break near one structure, they could not reach the power
wires.

¶20. It seems to me that not only should the pins be elec-
trically connected to each other, but that this connection should
be effectively grounded, especially if the wooden cross-arm is
carried by a wooden structure. In the case of a metal cross-arm
carried by a wooden structure, the metal crossarm should be
grounded.

¶25. In the present state of the art of making the inter-con-
nective link type of insulator, it may be working a considerable
hardship upon the power transmission companies to require their
use. And, so far as my experience goes, the cemented form of
suspension insulator can be safely depended upon.

¶,26. I am not quite sure that I understand this item, but
if I do it seems to me the clearance provided is rather small.
For 100,000 volts, for instance, it would be only 19.6 in.

¶27. I do not quite see the reason for making the minimum
size of conductor less with lower voltages than with higher ones.
Other things being equal, the danger of burning a conductor
is greater with a lower voltage than with a higher one. Be-
cause with the same power capacity in each case the arc with
the lower voltage would be heavier than with the higher. Inas-
much as the power capacity of the circuit as well as the voltage
has to do with the amount of damage that might be done by an
arc, it would seem to me better to either specify the size of the
conductor with reference to both the power and voltage, or else to
specify for all cases a conductor so heavy as to take care of any
condition which might be met with in ordinary practice. It
seems evident from this item and the next one that Mr. Babcock
contemplates that the same size of conductor shall be used upon
the crossing span, and the two spans on each side thereof. I
should suggest the consideration of a great deal smaller and
weaker conductor on each of the adjacent spans, so that if the
transmission line itself should go down the conductors of these
spans might break before injuring the crossing span.

¶32. I am not sure what this paragraph means. If it refers
to the use of the device consisting of an auxiliary insulator
and a connection from it to the line cable, together with a
grounded guard against which the line cable is supposed to
land in case it is burned off, the advisability of such provision
seems to me questionable. I should prefer to make the cables
heavy enough, and so protect them near the insulators, that
they would be capable of successfully withstanding a power arc
until the circuit breakers controlling the power line opened,
or until the arc ruptured itself, in case the circuit breakers
failed.
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¶[35. I do not see why the horizontal wind pressure should
be added to the weight of the conductor and its covering of ice,
instead of taking the resultant of the weight and wind pressure.
I presume, that this wording of this item is an inadvertence.
Frank F. Fowle (by letter): The paper by Mr. Babcock

agrees very well in its general recommendations with the
conclusions presented by the writer two years ago in a paper
prepared for the Association of Railway Telegraph Superin-
tendents, and since published. The writer also attacked the
fallacy of screen and basketwork protection some four years
ago, which Mr. Babcock aptly characterizes as an engineering
anomaly.

In general the problem presented is that of designing a trans-
mission line crossing so that it shall be stronger electrically
and mechanically than the balance of the line, and so that the
probability of failure shall be practically extinguished. The
crossing should compare with the balance of the line as follows:

1. The mechanical and electrical factors of safety should be
greater.

2. The conductors should have greater conductivity per unit
of length.

3. The conductor separations should be greater.
4. The entire structure should be absolutely fire proof for

voltages above 10,000.
5. The protection against arcing should be greater, and against

the effects of arcing.
A factor of safety in mechanical stresses of 3 is often recom-

mended for dead loads, but in view of the possibly great damage
that would result from failure, a factor of 4 seems to me no more
than adequate. In choosing a factor of safety, the elastic limit
as well as the ultimate strength should be considered.

For voltages below 10,000 where steel structures are for any
reason not possible, the cross-arms and pins should be of steel
in any case. Single wooden poles are not desirable, and some
form of fixture made of two or more poles, such as an " A "
fixture, or an " H " fixture, seems very essential. Wooden
poles should be fire-proofed for several feet above the ground,
and the butts should be creosoted. A factor of safety of 6 is
recommended for all timber. Steel cross-arms and pins on
timber structures should be thoroughly grounded.

Insulators designed for electrical stresses 25 per cent in excess
of the main line would seem to be no more than adequate,
especially in view of the fact that the damage done by lightning,
and the maximum stresses caused by it, are largely local. A
larger margin of safety in the insulators appears to be desirable
in districts where lightning is severe.
As regards conductors, the unreliability of single aluminum

strands of small size prevents their use; and aluminum should
always be stranded. No. 6 B. & S. copper has an ultimate
strength of nearly 1,300 lb., and is hardly suitable for crossings
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of this character. A minimum size of No. 2 B. & S. or No. 0
B. & S., stranded, will be better practice. If this size of copper
has more than the necessary conductivity, copper-clad steel
of corresponding strength may be substituted. The conduc-
tivity and diameter of conductor at the crossing should exceed
that in the main line by at least 25 per cent.

Low-tension circuits carried on the high-tension line should
be treated at the crossing as though they were high-tension
circuits, for a failure on the line at some distance from the
crossing may impress a very high tension on these circuits for a
short time, causing them to break down at numerous places.
If this proves to be a more costly procedure than carrying them
underground at the crossing, the latter course is the obvious one.

Sleet loads vary greatly in different parts of the country,
according to climate. A radial thickness of 4 inch may suffice
in California or in the extreme South, but it is much too small
in the Central and Eastern states. The writer has seen ac-
cumulations on small wires in Illinois of about 1 inch radius, in
severe storms. The records of the Weather Bureau will fre-
quently furnish the necessary data upon which to base safe
practice in this respect.
A wind pressure of 20 lb. per sq. in. on flat surfaces normal to

the wind, computed from the formula,

p = 0.004 V2 (1)

corresponds to a velocity of 70.7 miles per hour. The writer
found that for a period of ten years, at Chicago, the highest
recorded velocity during a severe sleet storm was 50 miles per
hour. The Weather Bureau maxima are based on observations
at 5-minute intervals with a cup anemometer. Observations
made with the Dynes pressure anemometer show instantaneous
velocities, as much as one-third in excess of the 5-minute maxima
of the cup anemometer, uncorrected. This indicates instan-
taneous true maxima as high as 67 miles per hour.
The Chicago observatory is 310 ft. above the street level, and

it is reasonable to expect that the corresponding maxima at
heights of 50 to 60 feet are considerably less, but how much
less it is not possible to say with great accuracy. The contour of
the ground, the presence of sheltering trees and buildings, and
the general topography of the surrounding country, all have
a vital bear.ng upon the wind pressures that may be expected
at any given place.
The matter of maintenance is as important as that of design

or construction, in providing safety for all time. Non-corrosive
conductors, such as copper and aluminum, will give no trouble
unless there are certain gases present in considerable quantities,
such as occur where there is a profusion of smoke from soft coal
or fumes from chemical works. The corrosion of steel, however,
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is another matter and a serious one. Galvanizing is an initial
protection, but not permanent; and it cannot be renewed. It
has a life of perhaps 15 years. Painted steel structures, peri-
odically inspected and repainted, should have a much longer
life, probably three times as great for permanent structures.
The initial factor of safety cannot be maintained unless corrosion
is prevented. The same is true with respect to the decay of
timber. Therefore it appears to be an essential part of a crossing
contract between a power company and a railroad company to
provide for periodical inspections, and to place a limit upon the
safe dimensions of structural members, so that the processes of
corrosion or decay shall not defeat the original purpose.
Another phase of this problem is a legal one, which assumes

considerable importance from the railroad point of view. Cross-
ings on private right of way are under the control of the railroad
company, but this is not true as regards crossings upon high-
ways or public roads. The latter in most cases are subject to
no further regulations than the state laws impose upon all wire
crossings, which commonly specify a minimum clearance and
sometimes minimum spans, steel pins and double cross-arms.
It becomes the duty of electrical engineers to rectify this defect
and point out the dangers. Legislation is much needed to
place in the hands of the state railroad commissions the necessary
authority to deal with such crossings and properly safeguard
them.
Percy H. Thomas (by letter): General. The crossing of

railroad rights of way by power lines represents much the same
problem as the crossing of public te ephone lines, the latter
perhaps offering the widest exposure of the public to danger.
Therefore it would perhaps be well to consider the two cases
together.

In general the plan outlined in the paper is sound. It will
probably however be found, as in the past, impracticable to
provide a single set of hard and fast specifications to cover all
cases. Crossings vary greatly, not only in importance and ex-
posure but as well in physical characteristics; from the crossing
of a main line railroad by a minimum length span of a power
1 ne to the very long span, possibly crossing a river with a little
used branch railway line along one bank. Flexibility in the
specifications could be obtained presumably by the relaxing of
specific requirements where there appeared occasion for such a
course, and where local conditions furnish justification therefor.
The mutual sense of fairness between the engineers of the power
and the railroad or telephone company must be relied upon to
arrive at an equitable result in each case, the general specification
giving a starting point and expressing the best practice for the
average condition.
As an examp e of vary'ng conditions to be determined on

by mutual agreement in any particular case I may mention the
thickness of ice to be assumed in calculating break down strength.
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While it may be well as a matter of principle to provide for
the furnishing of full drawings to both parties, and serving long
notice of construction with the idea that the company being
crossed will check up all details of the design, experience will
undoubtedly show the precaution to be omitted in a majority
of cases.

Specific Points in the Specifications.-As one of themost dan-
gerous possibilities is the burning off and dropping of a conductor,
as by the puncture of an insulator, it may in some cases be well
to support the span by a second auxiliary insulator which may
furnish mechanical support even if the line conductor be else-
where grounded.

In cases of wooden cross arms where the nearby spans utilize
ungrounded pins it would be well to ground the pins for several
poles on each side of the crossing as otherwise lightning reaching
the line near the crossing might find an easier ground path at
the crossings insulator which must have a grounded pin.

¶8. Guys properly installed should be considered as form-
ing part of the strength of the structures. This applies as well
to ¶12.

¶23. The requirement of a special insulator at the crossing
while entirely reasonable in one sense will cause a great deal
of labor in many cases and perhaps disproportionate expense.
if for example a special structure for the tower were thereby re-
quired.

It is an open question whether the interlinked type of sus-
pension insulator or the concentric type is really safer in pre-
venting the dropping of the line in case of trouble. The weak-
ness of the interlinked type is the ease with which the link may
be burned off if the insulator is punctured.

¶26. This clearance around the insulator seems a little ex-
cessive and hardly necessary in all cases.

¶27. This section should be so worded as to clearly permit
well galvanized steel.

¶28. It will not always be feasible and it will often be trivial
to equalize the strain in the span conductors at the cross over.

¶32. This section is not very clear.
¶33. The serving should extend to some distance on each side

of the insulator.
¶,35- This maximum wind stress seems too high for cylindrical

surfaces; the value 12 has often been used. Of course in special
localities the higher value may be warranted.

¶36. Taken in connection with all the other allowances made
for safety it would seem safe to use a higher portion of the
ultimate conductor strength, especially with a stranded con-
ductor, than 0.3. For instance, 0.4 or even more has frequently
been used. In taking extreme precautions in so many features
an excessive total may be reached.

Nothing is here specified about the simultaneous conditions
that shall be taken to represent the most severe conductor strain
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A. H. Babcock (by letter): Mr. Mershon considers that the
two spans adjacent to the crossing span should be constructed
under the same specifications as the crossing span. Usually
these two spans are on private rights-of-way with which the
railroad company is not concerned, unless a mechanical weak-
ness in these spans shall be the cause of a failure in the crossing
span, a contingency paragraph 10 is expected to cover. In
some cases where the power company plans have been sub-
mitted, a head guy towards the tracks has been requested
on the two outer poles of the adjacent spans. These combined
with the guys mentioned in Section 10 effectually guard against
mechanical troubles in the spans adjacent to the crossing span.
His suggestion that there may be cases where it would be safer
and better to have the power wires pass under the existing
wire does not seem practical. Usually power companies object
strongly to having any kind of a wire suspended over their
circuits; and certainly were I in charge of the construction force
of the railroad company I would not care to have my men string-
ing telephone or signal wires over a live high tension trans-
mission line any more than I think the power company's engi-
neers would like to have railroad line crews so engaged.

His objection to paragraph 20 probably comes from a hasty
reading of the said paragraph.
The objection to paragraph 25 does not seem to be well

taken since the paragraph states distinctly "of the interconnected
link type or its equivalent." It is doubtful that any cemented
type of insulator will stand a rifle ball and not drop the line,
whereas an interconnected insulator, especially if located a
considerable distance from the power house, can be completely
shattered and not drop the line; furthermore since these insu-
lators are specified for only a very few spans of the whole trans-
mission line, their unit cost may be many times that of the
other insulators used and not increase the total line cost ma-
terially.

His objection to paragraph 26 possibly will disappear if the
provisions of this paragraph are taken into account in connec-
tion with paragraph 29. The size of the conductor specified
for the lower voltages in paragraph 27 was intended to cover
distribution circuits such as are commonly used in this section
of the country where No. 6 copper has been found satisfactory.
It is not usual to use wire of this size in long distance trans-
mission line work except for unimportant branches. In these
cases it is hardly likely that sufficient current to burn off a
No. 6 copper wire could be forced through it.
He states that he is not quite sure what paragraph 32 means.

Perhaps its meaning will be made clear by a statement of the
fact that in the operation of the large net-work in Central
California no form of automatic circuit breaker as yet developed
has given satisfaction, and it is the custom to operate these
circuits tied in solid to the power house without any automatic
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devices intervening. Under these conditions it is evident that
a grounding of the conductor when it comes down will be of
considerable value, though it has not been found in practice
that any grounding device installed at a distance from the
power house will burn off the conductor.

I am glad to have my attention called to the possible am-
biguity in paragraph 35. Up to this time it never had occurred
to me that anyone would think of adding the horizontal wind
and the gravity forces in any other fashion than as a geometric
resultant.

Mr. Fowles' suggestion that the railroad company shall hold
periodical inspections of the power company's structures in the
crossing span strikes me as being a good arrangement provided
the railroad company does not thereby assume any legal re-
sponsibility whatever for the safe operating condition of the
power company's structures.

His suggestion that the conductivity and diameter of the
conductor at the crossing shall exceed that in the main line by at
least 25 per cent does not seem to me necessary for such trans-
mission circuits as are operated in this part of the country, for
the reason that it is practically impossible for any generating
system to force into a net-work enough current to fuse any wire
that is used. If any strengthening of the conductor at the
crossings is-needed, therefore, the reasons are purely mechanical,
in which case it is proper to increase the ultimate strength of the
section by a certain per cent, (say 25 in order to be consistent),
rather than to increase by a stated amount, the diameter of the
conductor, the material of which is not specified.

For many years I have agreed with Mr. Thomas that it is
impracticable to provide a single set of hard and fast specifica-
tions to cover all cases and have consistently endeavored to have
every crossing contract brought up as a separate matter. The
table which forms the last paragraph of the original paper will
show how difficult and how cumbersome this procedure can be-
come, and after a number of years experience it was found de-
sirable to draw up a general set of specifications, such as are here
presented, for the guidance of the power companies in sub-
mitting their plans; and to require of them the submission of
the detailed plans and specifications called for in paragraph2,
and the notice specified in paragraph 3, so that the railroad
company may have an opportunity to check the details. Should
Mr. Thomas ever appear before the Southern Pacific Company
as engineer for a transmission company about to install a
crossing with the railroad company's right-of-way he will find
that detailed plans and specifications will be required by the
railroad company and that his designs will be most carefully
checked before the crossing contract is signed. In an organiza-
tion less complete and less comprehensive than that of the rail-
road company this precaution might be neglected; but the
Harriman lines organization is more military in form than is



1910] DISCUSSION AT SAN FRANCISCO 925

usually found in commercial enterprises. The division super-
intendents are held personally responsible for all such matters
and they would no more dare permit an unauthorized crossing to
be installed and maintained over their lines than would a sub-
altern manoeuver his command independent of the orders of
his superior officer.

Mr. Thomas considers that the guys installed should be in-
cluded in the calculations of the strength of the structures.
Doubtless this is necessarily so in the case of the wooden pole
construction, otherwise the structure becomes bulky beyond all
reason; but in the case of steel structures it would seem de-
sirable not to include the guys in the structure calculations but
to have them as an additional safeguard.

Mr. Thomas' objection to the requirements of paragraph 23
does not seem to me to be well taken because the cost of a
large insulator on possibly two or three spans of a long line is
certainly out of all proportion to the cost of possible damage of
a single failure of the transmission line at this point. In the
East it may be an open question whether the interconnected
link type of suspended insulator or the concentric type is really
safer in preventing the dropping of the line in case of trouble,
but experience in the West has shown distinctly that inter-link
connection of this kind will not burn off in case of line trouble,
unless such connections are very near the power station.

It is rather curious that Mr. Thomas should find in para-
graph 26 an excessive requirement while Mr. Mershon finds the
same paragraph to be too lenient.

I cannot agree that paragraph 27 should be re-worded to per-
mit of well galvanized steel. Under no conditions, especially
around sea-fog belts, should galvanized steel conductors of any
kind be permitted to cross the railroad company's right-of-way.

Mr. Thomas is the only engineer so far who has objected to
the provisions of paragraph 36. A conductor strung with a
factor of safety of 2' will be found to lie in a very flat curve,
much flatter than is usually met with in practice. A safety
factor of even 31, such as is called for in the specifications,
gives a reasonably flat curve, and in many cases the ordinary
line construction as installed at ordinary temperatures, shows
much higher factors of safety than are herein required. The
requirement of paragraph 36 is intended to cover excessive
strains produced by low temperatures or high winds.

I regret that Mr. Mershon's paper " Transmisison Line
Crossings over Railroads "-Railroad Gazette, Feb. 7, 1908, and
Mr. Fowles' paper presented two years ago before the Associa-
t on of Railway Telegraph Superintendents, were unknown to
me before these specifications were written-first, that I might
have had the advantage of their experience, and second, that I
might publicly have given them credit for such information
from these papers as may be found in the specifications.

In conclusion I have to express my obligations for assistance
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to Mr. E. B. Katte, chief engineer, Electric Traction, New
York Central Lines, and also to Mr. Joseph T. Richards, chief
engineer of Maintenance of Way of the Pennsylvania Lines,
both of whom have favored me with copies of their standard
specifications.


